Résumé. 2014 Des transistors MOS sont utilisés comme dosimère de rayonnement. La sensibilité obtenue couvre la gamme 20 mV/Gray (SiO2)-1,5 V/Gray (SiO2). La linéarité et la stabilité de la réponse est satisfaisante.
IntroductiorL
The use of MOS transistors for the detection and dosimetry of ionizing radiation has been previously proposed in the literature [1] [2] [3] . This kind of detector has many advantages among which its low cost, the possibility it offers to make either real time or integrated measurement or its small size allowing precise dose mapping.
The dosimetry is made by measuring the charge stored during irradiation in the insulating layer of a MOS transistor and at the insulator semiconductor interface. For a given radiation dose the amount of stored charge depends upon the processing conditions and most often the goal of the work published upon this dependence was directed to minimize the radiation effects (hardening of the device). At the opposite the objective here is to increase these effects. However up to now the properties of the transistors have not been optimized for this purpose and consequently the potentialities of the MOS transistor as a radiation dosimeter are not well known. As an example the maximum sensitivity published up to now is about 0.85 V/Gray (Si02) [4] .
In this paper we recall briefly the technological process used in order to optimize the sensitivity of the device to irradiation as well as its stability with time. The detailed process flow issued from an analysis of the results in the literature and from our own experience has been given already [5] .
Then the electrical properties of the dosimeters are presented. Mainly the linearity and sensitivity are emphasized. [7] . Then the conversion in Gray (Si02) has been obtained by adjusting the sensitivity S of a MOS transistor at infinite electric field for X-ray to the one for Co6° with the aid of the curves 1jS(CoÓo) (Gray(Si02)/mV) and 1/S(X-ray) (Gray(air)!mV) versus the reciprocal of the electric field during irradiation Ei, [8] .
An example of the obtained curves is shown in figure 1 . The good linearity obtained confirms the recombination model proposed by Brown and Dozier [9] .
Within their model the initial hole density pi in the cloud of carriers created by the impinging particle and its value pf after a duration during which the electron and hole distributions overlapp are linked by the relation :
where a is a constant.
Consequently the probability f(Ei,) for a hole to escape recombination is given by :
Neglecting interface state generation during irradiation and making the hypothesis of a storage of the created holes in a thin sheet at a distance Xc from the Si02-Si interface the threshold voltage shift with gate positively biased can be written [10] :
where,e, is the permittivity of vacuum, Box the dielectric constant for silica, D the radiation dose, f the probability for a hole to be trapped in the sheet, q the electron charge, g the electron-hole pair generation rate equal to 7.9 x 1012 cm-3/Gray (Si02) [10] and D0X the thickness of the oxide layer. Consequently it appears from (4) that the sensitivity at infinite electric field Sm is independent of the type and energy of the incident particle.
So any difference between S.C,60 expressed in Gray(Si02) and SmX expressed in Gray(air) must be attributed to the mass-energy absorption coefficients terized by a linear part at low dose followed by a saturation region. This behaviour has been observed whatever is the oxide layer thickness. The saturation value has been found proportional to the voltage V Girr applied on the gate for electric field in the oxide lower than 1 MV cm-1. An example of the variation of the maximum threshold voltage shift A V Tmax versus V Girr is shown in figure 3 .
This proportionality indicates that the saturation occurs because of a zero electric field in the oxide layer [10] . Furthermore the slope of the curve gives the value of the centroid of the trapped charge [9] . figure 4 in the case where Dox =1000 A. As it can be seen increasing the applied voltage has a large beneficial influence.
Another benefit concerns the sensitivity of the MOS transistor. As shown in figure 2 the sensitivity of the device defined as the slope of the linear part of the curve increases greatly with the gate voltage.
As it has been recalled before, this influence is due to the dependence of the probability for a hole to escape recombination upon the electric field E;r. The variation of f(Eir) versus Eir obtained experimentally from curves similar to those shown in figure 1 through the relation : Fig. 4 Because this effect can be present even during the exposure it must be minimized in order to improve the performances of the dosimeter.
The relative amplitude of the positive post-irradiation recovery is depicted in figure 6 as a function of time and the influence of the gate voltage is clearly shown. So there is a compromise to reach between sensitivity and stability. Figure 5 shows that increasing the gate electric field beyond 1 MV/cm induces a small sensitivity gain whatever is the oxide layer thickness whereas figure 6 does not show any saturation beyond 1 MV/cm. Consequently applying a gate voltage in order to obtain a 1 MV/cm electric field in the oxide layer appears a good compromise. On the other hand this value is less than the mean breakdown field of the oxide which has been found constant and equal to 7.5 MV/cm as shown in figure 7.
INFLUENCE OF THE OXIDE LAYER THICKNESS. -
The oxide layer thickness is known as a key parameter which controls the sensitivity of the transistor. Its influence has been examined in the range 1 000 A-7 000 A. Figure 8 shows the threshold voltage shift as a function of the dose with a 1 MV/cm electric field in the oxide during irradiation. Another argument for neglecting the first effect is that the Co60 and X-Ray curves in figure 9 are parallel with S(Co6°) &#x3E; S(X-Ray).
Indeed dose enhancement does not occur with Co6° irradiation and it has been shown [4] that enhancement occurs mainly for small thicknesses.
As far as the stability is concemed figure 10 shows that increasing the oxide layer thickness has a beneficial effect on the post-irradiation recovery. For thicknesses larger than 5 000 A the shift has not been detectable. 4 
